Abstract. Advocacy for fossil fuel divestment has been growing on college campuses nationwide in recent years. In contrast with prior literature, which focuses on the impact of divestment on returns, I investigate the "frictional" costs that college and university endowments incur in implementing fossil fuel divestment, including transaction costs and ongoing monitoring and active management costs. I find that these costs are likely to be substantial, for the following reasons. First, endowments are long-term investors that tend to hold illiquid assets that are costly to sell. Second, endowments frequently invest in mutual funds or commingled funds, which requires them to sell more than just fossil-fuel-related assets in order to divest. Third, since there is no well-defined and agreed-upon list of assets that are fossil-fuelrelated, investment managers must undertake a degree of active management in order to maintain compliance with divestment goals. Overall, I estimate a total cost to endowments over 20 years due to the frictional costs of divestment that range between approximately 2 and 12 percent of the endowment's value, which, for a typical large university endowment, would translate to a decline in value of between $1.4 billion and $7.4 billion.
College, 8 and the University of British Columbia, 9 have recently rejected broad-based fossil fuel divestment for their endowment funds. Other major universities, including Harvard University, 10 Brown University, 11 and Yale University 12 had previously rejected calls for divestment, while Stanford University 13 and Georgetown University 14 have indicated a desire to divest from coalrelated assets, but explicitly not those in the oil and gas sector. In some cases universities that chose to divest assets on the basis of other concerns, such as human rights in Sudan, have nevertheless elected to not divest in the case of fossil fuels. 15 A small but growing body of literature on fossil fuel divestment, which I summarize in Appendix A, has focused primarily on the question of whether a divested portfolio could potentially produce lower risk-adjusted returns to investors over time. By contrast, in this paper, I focus entirely on the "frictional" costs associated with fossil fuel divestment, including transaction costs associated with trading securities and ongoing portfolio monitoring costs. While some divestment advocates have argued that divested portfolios may suffer only minimal or no losses in future returns, the existence and impact of frictional costs of the type I describe in this paper cannot be meaningfully disputed. That is, costs of this type will be incurred in virtually every case where an investor divests a material amount of fossil fuel assets, irrespective of the market performance of the underlying assets in question.
My goal in this paper is not to provide commentary or analysis related to the potential environmental benefits of a broad societal shift from fossil fuels, as this important issue has been extensively discussed elsewhere. Rather, my goal is to shed light on the existence of lesserknown frictional costs of divestment -many of which are often excluded from broader discussions about the merits of divestment policy -and to provide reasonable estimates of their magnitude, so that divestment decisions can be evaluated by trustees, administrators, students and interested stakeholders with the most complete information possible.
B. Summary of Conclusions
A brief summary of the key points made in the remainder of this report is as follows:
• Many investors, including university endowments, hold assets in structures such as mutual funds, commingled funds, and private equity funds that themselves house a variety of investments. Divestment by a fund investor of the fossil fuel assets owned by a fund generally requires sale of the entirety of the fund. For this reason, the magnitude of assets that would need to be sold and replaced to achieve fossil fuel divestment is generally larger than the fossil fuel assets themselves.
• Because university endowments are perpetual institutions that make long-term investments, they tend to have disproportionately large holdings in relatively illiquid assets.
• As a consequence of these facts, transaction costs associated with divesting and replacing existing fossil fuel assets in university endowments are likely to be substantial. Focusing on a sample of 30 universities, including large, medium-sized, and small endowments, conservative estimates of these transaction costs range between 60 basis points and 269 basis points for large endowments, between 25 basis points and 180 basis points for medium endowments, and between nine basis points and 124 basis points for small endowments.
• Fossil fuel divestment advocates are not unanimous with respect to identifying which assets should be divested, and there is no objective scorecard of which I am aware to determine this question. Further, as company policies and technologies evolve, the individual investments that comprise an appropriately divested portfolio will likely change. As a consequence, investment managers would need to undertake ongoing research and management costs to maintain compliance with divestment goals. This introduces a costly element of active management into endowment portfolios.
• While some universities may take on this element of active management internally, others will elect to outsource this function to specialized environmental fund managers with appropriate expertise in these issues. A conservative estimate, derived from the difference between expenses charged by mutual funds with an explicit environmental focus and those without such a focus, indicates ongoing annual frictional costs of between approximately eight basis points and 52 basis points for large endowments, and similar or larger annual costs for medium and smaller endowments.
• Combining estimates of transaction costs and ongoing compliance costs, I estimate that endowments would lose between approximately two and 12 percent of value due to these frictional costs of divestment over a 20-year period. For a typical large endowment growing at a historically reasonable rate, this would translate into a loss in value of between $1.4 billion and $7.4 billion by the end of the 20-year period. The equivalent range for medium endowments is between $52 million and $298 million, and the equivalent range for small endowments is between $17 million and $89 million. These frictional costs are in addition to any reduction in investment returns that divestment may impose due to foregone diversification benefits, as discussed in prior literature.
• While the actual frictional costs of divestment will vary depending on the precise holdings of the investor and the particular divestment strategy undertaken, it cannot be meaningfully disputed that frictional costs of the nature discussed in this paper will occur. These frictional costs of divestment are large enough to impose substantial costs on institutions that decide to divest.
C. The finance literature recognizes the importance of frictional costs, and some universities have rejected divestment at least in part on this basis.
The finance literature recognizes the importance of frictional costs when evaluating total returns as well as the choice of investment strategies. Some strategies that appear attractive may be suboptimal once frictional costs are taken into account. For instance, Damadoran (2012) states, "Some investment schemes are more expensive than others because of transaction costsexecution fees, bid-ask spreads, and price impact. A complete test will take these into account before it passes judgment on the strategy."
16 Pederson (2015) states, "Whereas a high-turnover trading rule (i.e., a rule that implies frequent and/or large trades) may be the best on paper, without taking transaction costs into account, it may be a poor trading strategy in practice. Said differently, even if returns are large gross of transaction costs, net returns may be poor." 17 Harris (2003) states, "On average, active managers cannot outperform the market. Transaction costs and high management fees ensure that they underperform the market on average." 18 Indeed, even if (as some argue) the reduction in average rates of return from divestment is small, the frictional costs of divestment may nevertheless make a divestment strategy undesirable.
A number of universities have already elected not to divest at least in part because they have concluded that these frictional costs would be high. For instance:
• good or bad investments, and is entirely a result of the expected cost of fundamentally changing the college's strategy for managing the endowment."
19
• American University: "[D]ivesting from these companies would require that AU investments be withdrawn from index funds and commingled funds in favor of more actively managed funds," and cited the results of an internal study indicating that "this withdrawal would cause manager fees to double."
20
• Middlebury College: "At this time, too many of these questions either raise serious concerns or remain unanswered for the board to support divestment. Given its fiduciary responsibilities, the board cannot look past the lack of proven alternative investment models, the difficulty and material cost of withdrawing from a complex portfolio of investments, and the uncertainties and risks that divestment would create."
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• Bates College: "To guarantee divestment from these 200 public companies, our investment advisers estimate that between a third and a half of the entire endowment would need to be liquidated and replaced with separately managed accounts. Were we to guarantee a fossil fuel free endowment more broadly than the 200 companies, greater than half of the endowment would need to be liquidated. In either scenario, the transition would result in significant transaction costs, a long-term decrease in the endowment's performance, an increase in the endowment's risk profile, and thus a loss in annual operating income for the college. Such a reduction in resources would affect critical college priorities, including financial aid, faculty and staff salaries, and support for academic programs. In short, divestment would potentially threaten core aspects of the college's mission."
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• Swarthmore College: "If Swarthmore decided to divest, we would have to find replacements for all the commingled funds because an institution has no power to impose a constraint on a commingled fund. Swarthmore's commingled funds totaled $660 million at the end of the last fiscal year. Divestment would incur a very large cost. With divestment, an option would be to hire a firm (such as Aperio Group) to design customized index funds for the endowment. This group could put together portfolios of stocks designed to match desired indexes but without using the divested companies. The firm customizes this approach for an endowment's specific In this paper, I focus on certain costs associated with fossil fuel divestment. Before introducing my analysis, it is worth briefly considering the potential benefits claimed for divestment. It is beyond the scope of this paper to address the potential costs and benefits to society as a whole of a broad shift from the usage of fossil fuels to reliance on alternative sources of energy, as this crucial issue has been discussed extensively elsewhere. Divestment activists appear to rely on the reasoning that divestment will spur such a shift away from reliance on fossil fuels. However, there is little economic support for the claim that divestment of fossil fuel assets will have a material impact on the targeted companies in a way that would produce such a shift. Therefore, the claimed benefits of divestment appear to be, at best, speculative.
Claims of benefits to investors from divestment fall into roughly three categories. First, some activists claim that companies that allegedly contribute to climate change can be "punished" by reducing their stock price, thereby reducing their access to sources of capital or increasing their costs of raising capital. However, as some divestment activists appear to appreciate, economic theory indicates that divestment is unlikely to accomplish this goal. 24 Further, to the extent that the goal is achieved, the cost may be borne primarily by those who divest, for the following reason. Any securities sold by divesting endowments will be purchased by other investors. In general, sales of large asset blocks occur at a discount to prevailing market prices. 25 Some or all of the price discount is typically temporary, being reversed after the sale. Such temporary price impacts from divestment sales would provide transfers of wealth from divesting endowments to market liquidity providers who take the opposite side of the divestment sales. These liquidity providers are often large banks, hedge funds, or specialized firms that engage in frequent trading. There is little objective basis to conclude that divestment sales would have any permanent effect on the prices of the divested assets, since divestment per se contains 23 A second argument some activists provide for divestment alleges that fossil fuel stocks are currently overpriced and are likely to underperform as investments in the future due to increased regulation or the likelihood that consumers will switch to alternative fuels. Such claims are particularly prevalent at times when these stocks have recently performed poorlyeven though price declines over the past several months actually appear to be associated with increased production of fossil fuels. 26 In contrast, at times when these stocks have recently performed well, some activists have asserted that fossil fuel stocks are in a "bubble" that is bound to pop. 27 Stock prices for the companies at issue may rise or fall in the future, and individual forecasts may or may not turn out to be correct. However, at any point in time, stock prices reflect the interaction of buy orders and sell orders submitted by the full set of market participants, including both those optimistic and those pessimistic about the companies' future prospects. There is no objective basis to conclude that market participants as a whole have systematically over-or under-estimated the value of fossil fuel companies. Neither is there a basis to assume that divestment campaigners have access to information related to the future performance of these companies that is otherwise unavailable to the market at large.
Finally, some advocates also claim that divestment can "stigmatize" companies and raise awareness of their allegedly harmful activities, perhaps leading to the imposition of a more restrictive regulatory regime governing individual company activities, or on climate change issues writ large. Exactly how this will occur is unclear, and divestment could generate political opposition rather than lead to desired regulatory action. Moreover, studies of past divestment efforts, such as those directed at companies invested in Apartheid-era South Africa, consistently find that these divestment efforts had little or no effect. 28 Because the alleged benefits of divestment in terms of the ability to spur shifts away from the reliance on fossil fuels are speculative, while the costs associated with divestment are tangible and significant in magnitude, many endowment managers may conclude that the costs of divestment exceed any likely gain.
It may be the case that divestment is primarily a "bumper sticker" political statement, as opposed to a realistic attempt to affect meaningful change in patterns of energy production. In 26. Recent declines in the prices of oil and gas would be expected to lead to declines in securities prices for companies that own or exploit oil and gas resources. However, these recent declines do not appear to reflect the popping of a "bubble" or investors' sudden appreciation of the future regulatory risks these companies face. Extant analyses tend to focus primarily on supply explanations, including the recent dramatic increase in U.S. production and the potential for increased production from Iran after the loosening of sanctions. support of this possibility, note that divestment advocates typically propose the sale of institutions' current holdings of fossil fuel stocks. They generally do not, as far as I have seen, advocate going further and short-selling these stocks. 29 That is, they do not advocate borrowing the holdings of other institutions that have not yet adopted divestment goals, and selling those holdings for them. To the extent that one believes that fossil fuel stocks are substantially overpriced, or that selling can generate capital market pressure or effective social stigma, it is unclear that it is optimal to stop once one has sold all one's holdings. That is, one could keep selling and gain additional perceived benefits. By doing so, there would be no need to wait for other institutions to adopt divestment goals, as those currently committed to those goals could essentially sell their holdings for them. The absence of proposals that institutions short sell the securities issued by fossil fuel companies is consistent with the reasoning that the main purpose of divestment is to make a political statement, albeit at a potentially high cost (as discussed here), rather than to effect meaningful changes.
II. Transaction Costs of Divestment
In this section, I focus on estimating the transaction costs of divestment that will be paid if fossil fuel assets are sold and other assets are purchased to replace them. I first discuss the endowment holdings of a sample of 30 colleges and universities. I then estimate how much of each class of assets held by these 30 institutions would need to be divested, and I review estimates from industry and academic literature as to the transaction costs typically associated with trading these classes of assets. Combining this information, I estimate the total transaction costs that would be associated with fossil fuel divestment.
Selling and buying assets, as fossil fuel divestment requires, involves transaction costs, which depend on the type of asset, the size of requisite trades, and the market institutions that facilitate trading. Buying and selling stocks, for instance, typically requires payment of commissions and fees to brokers and exchanges. 30 In addition, there are implicit transaction costs associated with buying and selling stocks and other assets, including the bid-ask spread and the price impact of trades. The bid-ask spread refers to the difference between the lowest ask (or offer) price and the highest bid price in the market for a given security. The bid-ask spread is an implicit payment to the market-maker or other liquidity supplier for providing liquidity and measures the implicit cost to an investor of executing a small trade.
31 "Conventionally, half of the spread is taken to be the execution cost of either a purchase or a sale (a one-way trip)."
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The term "price impact" refers to "the additional cost (over and above the spread) that a trader may incur to have a larger order executed quickly. It is the higher price that must be paid 29 . In practice, some institutions might face restrictions on their abilities to enter short positions. 30. In this paper, I focus primarily on college and universities, which are, in most cases, nonprofit entities. Forprofit investors may also incur tax liability on the sale of assets that have appreciated, constituting another category of transaction costs. 31. The bid and ask quotes are each good for a specified quantity. Larger quantities will typically be executed at prices inferior to the bid and ask quotes. for a large purchase or the reduction in price that must be accepted for a large sale." 33 Transaction costs for other types of investments, which are traded in markets that are typically less liquid than stocks markets, will generally be larger, as I discuss below.
A. Endowment Holdings of a Sample of 30 Colleges and Universities
For the purpose of illustrating the potential transaction costs of divestment, I selected a sample of 30 colleges and universities with varying endowment sizes, as reported in Exhibits A-1, A-2, and A-3. In particular, using the Chronicle of Higher Education's most recent (fiscal year 2015) list of U.S. college and university endowments, I selected 10 "large" endowments, 10 "medium" endowments, and 10 (relatively) "small" endowments. 34 These are reported in Exhibits A-1, A-2, and A-3, and repeated below. The large endowment sample contains the 10 largest in the country, ranging between $36.4 billion (Harvard University) and $10.0 billion (University of Michigan, Ann Arbor). The medium endowments are all ranked between 100 th and 150 th largest in the country, ranging between $887 million (University of Miami) and $642 million (Auburn University). 35 The Endowments generally do not provide detailed holdings information publicly, but they often provide a breakdown of their investments by sector, i.e., the share of the endowment held in equities, fixed income, and so on. Exhibits A-1, A-2, and A-3 summarize the endowment allocations by sector for the 30 universities in the sample. 37 The exhibits also report the weighted average allocation by asset sector (weighted by the size of the endowments) for each size group of 10 universities.
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As demonstrated in Exhibits A-1, A-2, and A-3, across all three size categories, a relatively large share of sample university endowments is invested in non-traditional assets, which tend to be illiquid. The "Alternative Equities" category includes limited partnerships in private equity, venture capital, or hedge funds. The "Natural Resources" and "Other Real Assets" categories include ownership of natural resources, commodities, and real estate assets. For large endowments, these non-traditional categories constitute 61 percent of the total weighted average portfolio. For small endowments, these categories constitute a smaller, but still substantial, 25 percent of the total weighted average portfolio. 38 The fact that university endowments invest in non-traditional and illiquid assets is unsurprising when one recognizes that university endowments operate essentially in perpetuity. Even compared with other institutional investors, universities tend to be very long-lived. Indeed, some U.S. universities were founded more than two (or even three) centuries ago. It is sensible for such long-run investors to take positions in assets that involve relatively long holding periods and relatively illiquid markets, since they recognize it is unlikely they will want to engage in short-run trading.
As one academic study stated, "The central idea behind the endowment model is that liquidity should not be a primary concern for endowments. Unlike individuals, institutional investors like universities have very long time horizons, and so liquidity, which comes at a high 36. Again, I attempted to collect holdings data on every fifth university in this range, i.e., the 250 th , 255 th , …, 295 th from the Chronicle's ranking, but used different universities when public holdings data were not available. 37. In a few cases, imputations were made in order to report allocations on a consistent basis across universities.
For instance, a few universities report only a total allocation to "Fixed Income and Cash." For these universities, I used the proportional allocation between the Fixed Income and Cash categories reported by other universities in the same size group to impute an allocation of "Fixed Income and Cash" into the two individual components. Details on how investments were categorized and in which cases imputations were made can be found in Appendix B. 38. These findings are consistent with those of the most recent NACUBO Commonfund Study of Endowments, which finds that endowments greater than $1 billion held, on average, 57 percent of their portfolios in "Alternative Strategies," which combines what I refer to as "Alternative Equities" with "Natural Resources" and "Other Real Assets." (NACUBO does not provide a break-out among these categories.) The NACUBO study also finds that investment in these Alternative Strategies declines, but remains significant, for smaller endowment funds. NACUBO (2015) price in the form of lower returns, is not essential." 39 Yale University, which is widely considered one of the leaders in endowment management, has stated, "The Endowment's long time horizon is well suited to exploit illiquid, less efficient markets such as venture capital, leveraged buyouts, oil and gas, timber, and real estate … Since market participants routinely overpay for liquidity and since less liquid markets exhibit more inefficiencies than their liquid counterparts, illiquid markets create opportunities for astute investors to identify mispricings and generate outsized returns. Furthermore, operational, strategic, and company-building skills of control-oriented, illiquid asset managers can add tremendous value to portfolio holdings. Investors willing to accept less liquid alternatives enhance the opportunity to outperform the market. Intelligent pursuit of illiquidity is well suited to endowments, which operate with extremely long time horizons." 40 While it was sensible for University endowments to undertake these investments, their illiquidity increases the costs of divestment.
B. Fossil Fuel Divestment Will Typically Require Sale of Non-Fossil Fuel Assets
The fraction of a portfolio that an investor would need to sell in order to fulfill a divestment mandate depends upon both the amount of fossil fuel assets held and the nature of other investments in the portfolio. As I will discuss in section III below, the act of simply identifying the relevant fossil fuel investments is itself a complicated task in many cases, and divestment advocates do not agree on which companies are acceptable and which are unacceptable in a "fossil free" portfolio. However, regardless of how one chooses to identify assets that are unacceptably linked to fossil fuels, the actual share of the portfolio that must be sold will often encompass much more than these assets alone.
The need to sell additional assets under a conventional divestment scenario arises because many investors hold substantial portions of their portfolio in funds of various types, including mutual funds, commingled funds, limited partnerships in private equity funds, and so on. If a fund includes fossil fuel assets that must be divested, it is generally not possible for an investor to sell only selected parts of the fund. The entire fund investment must be sold, creating "collateral damage" as those portions of the portfolio allocated to assets that have nothing to do with fossil fuels must also be sold. For this reason, it may be the case that a large share of an investor's assets must be sold in order to implement divestment of a small number of fossil fuel assets.
For instance, as noted previously, Bates College, which has an endowment of $262 million (among the small universities in my sample), has stated that it would need to liquidate "between a third and a half of the entire endowment" in order to divest. 41 which has an endowment worth $1.8 billion (between the large and medium endowments in my sample) has stated that divestment would require it to sell $660 million in commingled funds, or 36 percent of its total portfolio value. 42 Even Harvard University, which has the largest endowment of any U.S. university, appears to holds substantial amounts of funds. In its most recent 13-F filing with the Securities and Exchange Commission, Harvard disclosed more than $183 million in exchange-traded fund ("ETF") holdings.
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C. Estimating Shares of University Portfolios for Divestment
Exhibits A-1, A-2, and A-3, described above, report the weighted average holdings of large, medium, and small university endowments across six major asset categories (plus "Other" assets). For two of the categories, "Other Real Assets" and "Cash" (which includes cash equivalents), I assumed no assets would need to be divested. 44 For each of the other four categories, I describe below three scenarios regarding the share of holdings that would need to be sold and replaced to comply with fossil fuel divestment goals. These scenarios reflect estimates for a typical endowment; an individual endowment's actual share of assets related to fossil fuels will depend on its specific holdings.
Traditional Equities
The energy industry's share of the total market value of the S&P 500 was 6.4 percent as of March 2016. 45 Therefore, if an investor had only individual stocks in his Traditional Equities holdings and held securities similar to those of the equity market as a whole, I expect that approximately 6.4 percent of these holdings would need to be sold and replaced in order to implement fossil fuel divestment. I used this assumption as "Scenario 1" for divestment.
As discussed above, endowments frequently hold Traditional Equities in mutual funds, commingled funds, and other funds, which creates "collateral damage" on other stocks that must be sold in order to rid the portfolio of fossil fuel stocks. The actual holdings of such funds of course vary across universities. I have already noted above the statements by Bates College and Swarthmore College indicating that between 36 percent and 50 percent of their total portfolios are held in funds. Syracuse University, which is larger than all of the medium-size endowments in my sample, also appears to hold a large share of its equity holdings in funds. 46 Among smaller endowments, the share may be even larger. For instance, Kalamazoo College (endowment size $220 million) reports that mutual funds and pooled funds constitute 81 percent of its equity holdings and 98 percent of its fixed income holdings. 47 Unless they were specifically selected otherwise, most equity mutual funds include oil and gas company stocks, since these funds generally attempt to include a broad range of industries for diversification purposes. (Of course, the weights applied to various industries by a given fund will vary depending on the objective of the fund.) 48 Given this fact, along with the evidence above regarding Bates, Swarthmore, and Kalamazoo, I considered in my analysis two additional scenarios for divestment, in which the endowment would need to sell and replace 25 percent ("Scenario 2") or 50 percent ("Scenario 3") of its Traditional Equities holdings in order to fully eliminate its fossil fuel holdings. It may be that these scenarios are particularly relevant for smaller endowments, which would be expected to hold a larger share of their Traditional Equities assets in funds, but as the example of Swarthmore shows, even relatively large endowments can invest a substantial share of their portfolios in funds.
Alternative Equities
Private equity, venture capital, and hedge funds have traditionally been heavily invested in oil and gas concerns. As a recent Wall Street Journal report indicated, "Private equity bet big on the oil patch over the past decade … Including the borrowed money they typically use to fund deals, private-equity firms' energy-buying power stands at more than $300 billion." 49 Private equity industry analyst firm Preqin reports that 31 percent of funds reported current investmentseeking activity in the energy industry, and, of the largest 50 private equity funds, 28 (i.e., 56 percent) have oil and gas investments. 50 The Alternative Equities sector is almost entirely dominated by funds rather than direct, individual, investments. Therefore, there will almost certainly be "collateral damage" from any divestment effort, as entire funds must be sold and replaced, not just individual fossil fuel assets.
Of course, an investor may choose not to divest a position in Alternative Equities for this reason, in which case there would be no transaction costs from divestment (for this sector). In so doing, however, the investor would blunt the claimed benefits of divestment. Particularly for colleges and universities, which as noted above have large holdings in Alternative Equities, a decision to exclude these assets from divestment efforts would seem to seriously undermine the purpose and meaning of divestment. Nevertheless, as a highly conservative estimate, I assumed in "Scenario 1" that no Alternative Equities holdings are divested. In Scenarios 2 and 3, I assumed that either 30 percent or 50 percent of Alternative Equities holdings would be divested, in line with the range of energy industry investments reported by Preqin mentioned above.
Real Assets
As reported in Exhibit A-1, large university endowments on average hold approximately nine percent of their assets in "Natural Resources" and another 11 percent in "Other Real Assets." That is, nearly half of all Real Assets holdings are in Natural Resources, a category that is likely to include a substantial share of assets associated with fossil fuels. Medium and small universities generally did not provide sufficiently detailed information for me to derive the same categorization of Natural Resources and Other Real Assets. While these smaller endowments typically hold less overall in either the Natural Resources or Other Real Assets categories, there is no particular reason to believe that they hold a smaller or larger share of their real asset investments in Natural Resources as compared to Other Real Assets. I assume for purposes of the calculations here that these medium and small universities held the same proportion (i.e., nearly half) of their real asset investments in Natural Resources versus other Real Assets.
To identify the likely quantity of Natural Resources assets divested, I examined the five largest mutual funds as measured by "assets under management" and listed in Bloomberg's Natural Resources asset class. 51 Using detailed holdings data for each fund, I identified securities associated with coal, oil, and natural gas. 52 The funds' share of holdings in these industries range between 49.7 percent and 95.5 percent, with an average of 68.0 percent. Accordingly, I assumed that a typical university endowment would need to divest and replace approximately 68.0 percent of its Natural Resources holdings to implement true fossil fuel divestment. I applied this same assumption to all three scenarios.
Fixed Income
Fixed Income includes a wide range of different assets, including corporate bonds, government bonds, and mortgage-backed securities. In general, fossil fuel securities would likely be concentrated among corporate bonds. I examined the five largest mutual funds 51. These are Van Eck Global Hard Assets Fund (GHAAX), Prudential Jennison Natural Resources Fund (PRGNX), RS Global Natural Resources Fund (RSNRX), Fidelity Advisor Energy Fund (FAGNX), and Ivy Global Natural Resources Fund (IGNAX). 52. Each security is associated with a unique CUSIP code, which identifies the security issuer. Using standard industry databases, I identified each issuer with a Global Industry Classification (GIC) code. The relevant GIC code in this case is 1010, which includes "Energy Equipment & Services" and "Oil, Gas & Consumable Fuels." according to assets under management in Bloomberg's Corporate Bond asset class, and identified for each fund the share of holdings in the oil, gas, and coal industries. 53 These shares range between 2.6 percent and 7.1 percent of assets, with an average across the five funds of 4.6 percent.
However, because university endowment reports generally do not distinguish with specificity between different types of fixed income securities, it is difficult to determine exactly what share of fixed income holdings are corporate bonds. Therefore, reflecting an overly conservative approach, I assumed for Scenario 1 that a university endowment would not need to divest any of its Fixed Income holdings. This would only be true if a university's fixed income holdings included no corporate bonds from fossil fuel companies.
Especially to the extent that universities hold fixed income securities in funds, there will be "collateral damage." As noted above in the case of Kalamazoo College, this collateral damage may be very large -98 percent of their Fixed Income holdings were in mutual funds or pooled funds. Conservatively, for Scenarios 2 and 3 in my analysis, I assumed 15 percent or 30 percent divestment of Fixed Income holdings.
D. Estimated Transaction Costs of Divestment for University Endowments
For each of the four categories discussed above for which assets may be divested, I obtained from the academic and industry literature estimates of the total transaction costs that would be associated with the sale of assets in that category. The actual transaction costs an individual investor would incur would depend on the particular securities sold, and the magnitude and timing of the sales, but the following calculations reflect reasonable estimates for generic divestment efforts in the near future. . 54 Therefore, a reasonable estimate of total transaction costs from institutional selling of Traditional Equities would be 32.4 basis points (the price impact plus half of the spread). For Fixed Income assets, I estimated in previous research an average transaction cost figure of 7.9 basis points. 55 I used this as an estimate of the expected transaction cost a university endowment would incur in selling Fixed Income assets. Alternative Equities are most typically held either until expiry or until a liquidity event, but that may take many years. There is a growing secondary market for private equity and hedge fund investments. Studies of these secondary markets provide some indications of the transaction costs that are associated with selling these illiquid assets. Prices in secondary markets fluctuate over time, and the cost of selling varies. Available secondary market data indicates typical secondary prices of around 90 percent of Net Asset Value ("NAV") in recent years, with prices substantially lower than 90 percent of NAV during many time periods.
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Based on these data, for purposes of the calculations here, I estimated transaction costs of 10 percent for a university endowment selling Alternative Equities assets.
For Natural Resources, the available evidence indicates that, due to illiquidity, sales prices also fall well below NAV. For instance, a recent study of timberland sales found that "it is not uncommon for TIMOs and REITs to apply a 10 to 20 percent discount to the component value of a forest property." 57 I also used 10 percent as an estimate of the expected transaction cost a university endowment would incur in selling Natural Resources assets.
I applied these estimates from the literature to the three scenarios for fossil fuel divestment described above to derive expected transaction costs from divestment. Exhibits B-1, B-2, and B-3 summarize the results of these calculations. Scenario 1 reflects the most conservative assumptions about divestment, including that divestment in Traditional Equities could be implemented on an individual security basis, and that no divestment of Alternative Equities or Fixed Income holdings would be required. In other words, this scenario assumes no "collateral damage." This scenario is too conservative if a university endowment holds a substantial portion of its holdings in funds of any type, which would need to be sold in order to eliminate fossil fuel holdings. Under Scenario 1, large university endowments would incur transactions costs ranging between 12 and 94 basis points due to divestment, with a weighted average across large endowments of 60 basis points. These percentage costs translate to dollar costs at the time of divestment of between $15.7 million and $269.5 million for the large endowments, with a weighted average cost of $110.5 million. For medium and small endowments, the transaction costs associated with scenario 1 are smaller but still significant, equaling 25 basis points on a weighted average basis for medium endowments and nine basis points on a weighted average basis for small endowments. This smaller cost estimate for smaller endowments mainly reflects their more modest positions in the Natural Resources asset category and their relatively larger positions in Traditional Equities and Fixed Income, which have lower transaction costs. Scenarios 2 and 3 provide a more realistic view of expected transaction costs in most cases, particularly for smaller endowments, which may be more likely to hold assets in funds. Under these scenarios, a large endowment would incur costs of 185 basis points (Scenario 2) or 269 basis points (Scenario 3) on a weighted average basis due to divestment. The estimated transaction cost for the weighted average large endowment is $342.4 million for Scenario 2 and $499.1 million for Scenario 3. Smaller endowments would also experience substantial transaction costs under these scenarios. For the medium endowments, Scenarios 2 and 3 involve costs of 117 basis points and 180 basis points, respectively, on a weighted average basis. For small endowments, Scenarios 2 and 3 involve costs of 77 basis points and 124 basis points, respectively, on a weighted average basis.
An important point of perspective is that these calculations reflect only the costs of selling the assets selected for divestment. Presumably, endowments will wish to replace these assets by buying other, different, assets. Purchases also incur various transaction costs including commissions, fees, spreads, and price impacts. Without knowing the assets an endowment would choose to purchase to replace divested fossil fuel assets, one cannot quantify the additional transaction costs associated with replacement. In some cases, such as for Alternative Equities, transaction costs for buying could be lower than for selling. Therefore, the total transaction costs could well be less than double what is reported in Exhibit B. However, in other cases, such as Traditional Equities, transaction costs could be higher to the extent that an endowment chooses to purchase "clean energy" company stocks and "green" mutual funds, which tend to be smaller in market capitalization and less frequently traded than major oil and gas company stocks and broad market funds. In any case, because they do not include the transaction costs associated with buying, the results reported in Exhibits B-1, B-2, and B-3 reflect conservative estimates of total transaction costs, and may substantially understate total transaction costs.
III. Ongoing Monitoring and Management Costs of Divestment
In addition to the largely immediate transaction costs of divestment discussed above, there are additional ongoing costs involved in managing a portfolio in order to maintain compliance with divestment goals over time. These costs involve initial and continuing research regarding which securities are acceptable and which are unacceptable in a divested portfolio. In this section, I discuss and estimate these ongoing costs that university endowments would incur.
A. Identifying Fossil Fuel Securities for Divestment Raises Complicated Questions that Investment Managers May Not Be Equipped to Answer
In a fossil fuel divestment, the choice of which securities to sell (and which to buy as replacements) requires careful thought and substantial research. To date, divestment advocates are not unanimous on the question of which companies are the most appropriate targets for divestment. If the purpose of divestment is to stigmatize or reduce the value of targeted companies, a diffuse divestment movement, in which different investors divest from different companies, is less likely to be impactful. In any case, different advocates are likely to propose different targeted companies to investment managers, and managers will need to expend time and resources in order to evaluate these conflicting proposals, consider how other institutions are implementing divestment, and deal with criticisms that will likely arise regardless of the decisions they make.
For example, Bill McKibben -the author of the Rolling Stone article that brought fossil fuel divestment activism to public light -proposes that investors divest from the "Carbon Underground 200," which is a listing of "the top 100 public coal companies globally and the top 100 public oil and gas companies globally, ranked by the potential carbon emissions content of their reported reserves." 58 However, it is unclear that a focus on companies that hold reserves, as opposed to companies that actually burn fossil fuels, would have the greatest impact.
An alternative approach to divestment would focus on companies that are currently extracting and/or burning the largest amounts of fossil fuels, and companies deemed to not effectively mitigate their environmental impact. This approach is embodied in certain fossil fuel divestment proposals that are commonly cited by advocates, such as the so-called "Filthy Fifteen" coal companies 59 or the "Greenhouse 100 Polluters Index." 60 Notably, however, there is rather little overlap between these lists of extractors and burners of fossil fuels and the list of companies holding fossil fuel reserves. 61 Yet another alternative would be to target firms that are large consumers of fossil fuels, such as utilities or airlines, as opposed to producers of fossil fuels. Targeting such firms has the potential to stigmatize demand for fossil fuels rather than stigmatizing those who supply fossil fuels. But a similar effort by activists aimed at addressing and reducing the demand for fossil fuels has not materialized as far as I have seen.
There are other complications involved in identifying divestment target firms. For instance, as Columbia University stated recently in rejecting divestment of a particular list of companies, "Divestment on the basis of identification on this list would not distinguish among firms on the basis of their current conduct (e.g., the rate to which they are adding to reserves or the extent of research and development investment in renewables or in carbon-reducing technologies). The list includes natural gas companies as well as coal-mining companies, yet the substitution of natural gas for coal is one immediate way of reducing the carbon footprint of energy production. The list also omits electric utilities that generate a disproportionately high share of electricity from coal despite the opportunity to shift to natural gas." 62 As a striking example, divestment advocates are not unanimous as to whether ExxonMobil, the largest U.S. oil and gas company, should be a target for divestment. ExxonMobil is the largest domestic company targeted for divestment in the Carbon Underground 200. 63 By contrast, ExxonMobil is the third-largest holding in the "MSCI ACWI Low Carbon Leaders Index," a market index intended to "address[] two dimensions of carbon exposurecarbon emissions and fossil fuel reserves -providing clients with an effective tool for limiting the exposure of their portfolios to carbon risk. By excluding companies with the highest carbon emissions intensity and the largest owners of carbon reserves per dollar of market capitalization, the index aims to achieve at least 50% reduction in its carbon footprint." 64 If divestment advocates do not agree on whether ExxonMobil is worthy of divestment, it is unclear whether they can objectively make such a determination for any company, thereby leaving the question up to individual investment managers.
Divestment advocates commonly propose that, after selling fossil fuel assets, institutions should replace those assets with investments in renewable energy companies or other "green" assets. 65 Determining which assets to buy raises additional complicated questions for investment managers, since available market options in this class of assets vary widely in their focus and quality. For instance, in a guide for investors, well-known investment ratings firm Morningstar notes that "[i]nvestors need to look under the hood and decide for themselves which green strategy they'd prefer. Socially conscious investors may be surprised that not all green funds fit the bill (because they may invest in nuclear power companies, for example)." 66 Indeed, some self-identified socially conscious funds -even those with an explicit environmental focus -are rated poorly by independent evaluators of sustainability goals. For instance, a number of green funds, including the Etho Climate Leadership US ETF, First Trust NASDAQ Clean Edge Green Energy ETF, DFA US Sustainability Core 1 fund, Market Vectors Environmental Services ETF, Market Vectors Solar Energy ETF, and Pax World Global Environmental Markets A fund, all received "Low" or "Below Average" environmental scores from Morningstar, based on independent ratings firm Sustainalyics.
As a consequence of having to sort through these complex issues, investment managers will likely incur substantial and ongoing costs of research and management in order to attain and maintain compliance with divestment goals.
B. Divestment Introduces an Element of Active Management, Which Increases Ongoing Portfolio Management Costs
Whatever standards an institution selects to identify unacceptable fossil fuel assets and acceptable replacement assets, the institution must manage the portfolio on an ongoing basis in order to maintain compliance with those standards. Over time, both the list of unacceptable companies and the list of desirable replacements are likely to change with companies' activities and the continual availability of new securities in the market. Compliance with divestment goals effectively introduces an additional element of active management into a university endowment. Instead of merely tracking broad sets of securities, divestment requires an investment manager to also monitor the environmental impact of the companies involved, and to buy and sell as necessary to maintain the goals of the divestment movement.
One way to achieve ongoing compliance would be to outsource the research and management efforts to a fund that specializes in fossil-free or other environmental investing goals. There are a number of such fund managers; for instance, Bill McKibben's divestment advocacy group recommends the list of fund managers at GreenAmerica.org. 67 Alternatively, an institution could attempt to replicate the work of these fund managers internally, although there is no reason to believe that a university endowment would realize any particular cost advantage in such research and management efforts as compared to specialized external fund managers who focus exclusively on environmental issues. Replicating the work internally would also expose the investment manager to ongoing debates regarding the suitability of specific assets, particularly given the disagreement among environmental advocates on which assets should be divested, as discussed above. Relying on an external fund manager would presumably redirect at least some of the debate toward the fund manager and away from the university investment office.
Regardless of the approach an institution takes, the economics literature has concluded that active management of the sort that divestment introduces into a portfolio leads to increased fees, which in turn limit the investment success of the portfolio. 68 In the case of divestment, the goal of active management is not (necessarily) to attain higher returns relative to risks, but also to achieve political ends. Active management associated with divestment will lead to increased costs or management fees, which must be borne by the investment portfolio.
The additional fees incurred by an institution that attempts to undertake this active management work internally depend on the nature of the divestment and the number and type of staff available to the institution. The cost of such an approach may be higher or lower than simply outsourcing the work to an external fund manager. If an institution does rely on an external fund manager, the evidence indicates that the ongoing costs are likely to be high. For instance, the Morningstar guide to socially conscious investment noted above indicates that "green funds are generally not cheap. Most of the green ETF expense ratios fall in the 0.50% to 0.75% range, which does not include the brokerage costs that come with buying and selling them. Similarly, the mutual fund options' levies range from 1.25% to a hefty 1.98%."
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C. Estimated Ongoing Frictional Costs of Divestment for University Endowments
I estimate the ongoing costs of divestment for institutions that choose to outsource these active management tasks based on the difference in fees charged by major environmentallyfocused mutual funds and exchange-traded funds ("ETFs") compared to large mutual funds and ETFs without such a focus. As noted above, the costs for institutions that attempt to perform these tasks internally may be higher or lower.
Active management, as the term is typically used in finance, refers to fund management that performs security research or analysis of some kind in an attempt to identify investments that are likely to rise in value or otherwise meet the objectives of the fund. As discussed above, an investor who undertakes fossil fuel divestment requires a distinct type of active managementresearch and analysis that attempts to identify investments in companies that have minimal impact on the environment. An institution choosing to divest may remain an active or passive investor with respect to other fund objectives, even though they now require active management with respect to investments' environmental impact.
Hence, I performed three specific comparisons for Traditional Equities, based on a hypothetical institution's preferences for active or passive investments with respect to nonenvironmental objectives. 70 First, in Exhibit C-1, I examined the 10 largest actively-managed institutional equity funds in the U.S. market today and compared them with the ten largest actively-managed socially conscious institutional equity funds that have an explicit environmental focus. 71 Because we focused on institutional funds that require a relatively large minimum investment, the expense ratios in Exhibit C-1 are lower than the 1.25 percent to 1.98 percent figures indicated by Morningstar in its general guide for all investors. Even so, these funds have relatively high net expense ratios, with an average of nearly 80 basis points. The ten largest funds, which are reported in Exhibit C-1, are replicated below: By comparison, Exhibit C-1 shows that the non-environmental actively-managed funds have an average net expense ratio of just above 69 basis points, i.e., more than 10 basis points lower. This is consistent with the fact that the environmental funds require an additional element of active management, even among funds that are already engaging in active management with respect to other fund objectives. These higher expense ratios presumably cover the additional ongoing compliance costs described above, including researching securities to determine their suitability with a given position on climate change issues. They may also be higher if competition among environmental funds is weaker or if investors who seek to pursue environmental objectives are less likely to select among funds based on lower expenses.
By focusing on the largest funds, I have excluded funds from some of the companies that have been most vocal in advocating for divestment, and which divestment advocates often point to as providing replacements for divested funds. I examined the funds provided by two such vocal advocates, Green Century Funds and Trillium Mutual Funds. Each company offers two funds to investors seeking to avoid exposure to fossil fuel-related assets. 71 . The "environmental" funds may also have other objectives in addition to environmental concerns. Indeed, there are very few active socially conscious institutional funds that exclusively focus on environmental concerns, which raises an additional concern about divestment, namely, that investors will be forced to incorporate into their investment strategies other socially conscious objectives besides climate change sensitivity, when they may not wish to do so. As indicated above, these funds have expense ratios between 0.98 percent and 1.48 percent. These expense ratios are not only much higher than those of the non-environmental funds, but they are also generally higher than the expense ratios charged by the ten largest active environmental funds discussed above. Therefore, my focus on the largest funds may lead me to understate the increased annual expenses that divesting investors would actually incur, if they selected environmentally-focused funds based on the recommendations of the most prominent and vocal advocates of divestment.
Other Prominent Active Socially-Conscious Environmental Funds
In Exhibit C-2, I performed a similar calculation as in Exhibit C-1, but focusing on the largest passive funds. The ten largest passive socially conscious institutional equity funds with an environmental focus are reported in Exhibit C-2, and are also replicated below: See Exhibit C-2 for detailed notes.
72. Because there are many non-environmental passive funds, I excluded any funds that did not have an institutional share class.
As in Exhibit C-1, I compared these funds with the ten largest passive equity funds without an environmental focus. Exhibit C-2 shows that the average net expense ratio for the passive environmental funds is nearly 44 basis points, while the average net expense ratio for the passive non-environmental funds is only 6 basis points, for a difference in average net expense ratios of nearly 38 basis points. This is an estimate of the cost a passive investor in Traditional Equities would pay if he attempted to remain a passive investor, only undertaking the active management required to divest.
Finally, in Exhibit C-3, I compared the active environmental funds from Exhibit C-1 with the passive non-environmental funds from Exhibit C-2. This comparison is relevant because there may not be an adequate supply of passive environmental equity funds. The 10 largest passive environmental funds have average assets of $579 million (Exhibit C-2), whereas the 10 largest actively-managed environmental funds have average assets of $2.6 billion (Exhibit C-1), more than four times larger. Exhibit C-3 documents an average difference in the net expense ratio for active environmental versus passive non-environmental funds of 73 basis points.
For Alternative Equities, the same issues of ongoing research and management as in Traditional Equities arise. Endowments that wish to remain divested must carefully monitor the investments made by private equity or hedge funds in which they invest, and sell off any fund that begins in the future to invest in fossil fuel companies. Because most or all major private equity and hedge funds have not made a divestment pledge, and because (as noted above) selling a position in these funds on the secondary market is costly, an ongoing divestment policy may require endowments to dramatically reduce or eliminate their portfolio allocation to Alternative Equities. I consider the same set of three scenarios described in Exhibits C-1, C-2, and C-3 as estimates of the ongoing costs of divestment for Alternative Equities. These estimates are likely to substantially understate the actual ongoing costs of divestment in the Alternative Equities category, and for that reason, the calculations below of the ongoing frictional costs of divestment are likely conservative.
Holdings in the Natural Resources category likely would also require additional ongoing research and management efforts, but the costs of such efforts may be different from those necessary for equity securities, and may be lower in some cases. For the purposes of my analysis, I assumed no ongoing costs of divestment for Natural Resources. This assumption also implies that my cost estimates are likely to be conservative.
For Fixed Income, I attempted to perform a similar set of analyses as in the case of Traditional Equities, comparing net expense ratios for Fixed Income mutual funds without an environmental focus to expense ratios for Fixed Income socially-conscious funds with an environmental focus. However, I found that there are very few socially conscious fixed income funds with an environmental focus. 73 Therefore, the ongoing cost of compliance for an investor may be very high, as they are forced to either fully eliminate their Fixed Income assets or else 73 . I searched all "Socially Conscious" fixed income mutual funds and ETFs listed by Morningstar, focusing on those that were either listed as "Environmental, Social, and Corporate Governance" funds or "Environmental Focus" funds. I also focused on funds where at least 50 percent of holdings are corporate bonds. I was able to identify only three such funds among this set with an explicit environmental focus.
perform the active management function internally. The active management involved in identifying the environmental impact of fixed income securities is conceptually similar to that involved in identifying the environmental impact of equity securities. However, because I cannot measure the cost directly for Fixed Income investments, I conservatively assumed 20 basis points. This is close to the lower estimates of the difference in equity mutual fund expenses reported in Exhibits C-1, C-2, and C-3.
Exhibits D-1, D-2, and D-3 summarize the resulting estimates of ongoing compliance costs of divestment for large, medium, and small university endowments based on this methodology. In each exhibit, I report three scenarios for the estimated ongoing cost of divestment, reflecting the three calculations of this cost for equities in Exhibits C-1, C-2, and C-3. 74 For the weighted average large endowment, I estimate annual compliance costs of divestment averaging between approximately eight basis points (Scenario 1) and 52 basis points (Scenario 3) per year, with slightly higher or lower figures for certain specific endowments. This translates to between $16 million and $97 million per year for the weighted average large endowment. The annual compliance costs of divestment are similar in terms of basis points for medium and small endowments, but obviously, the dollar amounts are lower because the endowment sizes are smaller: between $0.7 million and $4.2 million per year for the weighted average medium endowment, and between $0.3 million and $1.3 million per year for the weighted average small endowment.
IV. Total Frictional Costs of Divestment Over a 20-Year Horizon
Combining estimates of the transaction costs associated with an initial choice to divest with estimates of the ongoing annual costs of divestment, I obtain total cost estimates that indicate that divestment would substantially reduce the value of an endowment over time. These costs would accrue even assuming that a divested portfolio could attain the same level of riskadjusted returns (prior to costs) as a pre-divestment portfolio.
For these calculations, I assume that, absent divestment, endowments will grow from their current values at a rate of 6.3 percent per year, which reflects their historical annual growth rate over the last 10 years. 75 With divestment, the endowment's current value is reduced by transaction costs, as summarized in Exhibits B-1, B-2, and B-3, and the rate of growth thereafter is also reduced (below 6.3 percent) by the increase in ongoing compliance costs, as summarized in Exhibits D-1, D-2, and D-3.
Exhibits E-1, E-2, and E-3 summarize the outcomes of these calculations, indicating that, over a 20-year period, the total reduction in the value would in most cases be between approximately two percent and 12 percent of the endowment value, with slightly higher or lower numbers for some endowments. This translates to a reduction in the value of the weighted average large endowment after 20 years of between $1.4 billion and $7.4 billion. The equivalent reduction in value for the weighted average medium endowment is between $52 million and $298 million, and the equivalent reduction in value for the weighted average small endowment is between $17 million and $89 million.
Endowments serve a vital purpose in achieving the goals of colleges and universities to promote research and educate students. Reductions in the value of these endowments of the size indicated in Exhibits E-1, E-2, and E-3 therefore risk real harm to these laudable and socially beneficial activities. This paper does not address the question (focused on by other research) of whether fossil fuel divestment leads to lower pre-cost returns, but rather focuses on the more concrete frictional costs of divestment. There can be no question that divestment would by definition require selling and buying assets, and that doing so creates transaction costs. Divestment would also require additional ongoing costs of compliance for endowment managers who could otherwise focus solely on achieving high returns relative to risk. The magnitude of these costs will vary across different investors, depending on their holdings, but the existence of these costs in some form is not subject to debate.
These frictional costs directly reduce the value of an endowment's portfolio in return for, at best, speculative benefits from divestment. For this and other reasons, a number of universities have made the decision to not undertake divestment at the cost of substantial reductions in endowment value and the consequent harm to universities' educational and research goals. I am hopeful that this paper will be useful to investment managers in their assessment of divestment proposals.
Slightly more sophisticated analyses are provided by Impax Asset Management (2013), Geddes (2013) , and Geddes, et al. (2015) , who demonstrate that it is possible for an investor who holds a particular index (such as the Russell 3000 or the MCSI World Index) to divest from certain fossil fuel stocks, and then reallocate the divested funds in such a way that they can track the index reasonably closely. 8 This demonstrates that divestment costs may be low for investors who are attempting to track one of the indexes these papers consider. However, these studies do not explicitly consider divestment costs for an investor who optimizes his portfolio to maximize expected returns for a given level of risk.
